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SYSTEM AND METHOD OF VEHICLE FUEL
QUANTITY MANAGEMENT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 61/432,026, filed Jan. 12, 2011, which 1s

hereby incorporated by reference 1n 1ts entirety.

TECHNICAL FIELD

This disclosure relates to vehicle fuel management. More
particularly, this disclosure relates to managing vehicle fuel
load to optimize freight weight.

BACKGROUND

Vehicle operators generally prefer to load the maximum
quantity of fuel that their vehicle tanks will hold prior to
undertaking a journey. Most operators adopt this behavior
because they prefer not to expend time and effort at refueling,
along route. Further, operators seek to minimize risk associ-
ated with uncertainty, such as unanticipated traific and
weather conditions. One way to minimize the exposure to
such risks 1s to maximize the quantity of fuel carried.

Generally, vehicle operators are paid on a time to delivery
basis. Thus, most operators are motivated to traverse their
routes as rapidly as possible. As a vehicle traverses a given
route, fuel economy can be significantly influenced by the
way an operator selects the vehicle speed. An aggressive
operator that creates rapid transitions 1n speed while main-
taining the maximum allowable speed limit through the route
(legal, fleet owner imposed, etc.), will likely not achieve
maximum fuel economy. Such a driver will prefer to maxi-
mize fuel load 1n order to accommodate their driving pattern.

SUMMARY

According to some embodiments of the present disclosure,
a method 1s provided for vehicle fuel quantity management.
The method includes accessing first operator input data
indicative of at least one first operator mput, said at least one
first operator 1nput including at least one of tuel cost, trip
time, route beginming and ending points to define a route, and
maximum vehicle speed. The method further includes access-
ing predetermined vehicle parameter data indicative of at
least one predetermined vehicle parameter, the at least one
predetermined vehicle parameter including at least one of
vehicle mass, vehicle drag, vehicle rolling resistance, tire
circumierence, front area of vehicle, powertrain torque loss,
vehicle tank capacity, and engine friction. The method also
includes accessing road terrain data indicative of at least one
road terrain element, the at least one road terrain element
including at least one of speed limit changes, oif ramp loca-
tions, fueling locations, road grade, air density, position,
clevation, and traffic congestion. The method additionally
includes performing a first fuel assessment to determine a
preliminary route fuel quantity based on said predetermined
vehicle parameter data, said road terrain data, and the first
operator input data. And the method includes determining a
first Tuel quantity to optimize freight weight based on the first
tuel assessment; accessing current vehicle operating condi-
tion data and current road terrain data indicative of at least
current vehicle speed, current road grade, and current fueling
locations; performing a second fuel assessment to determine
at least one recommended fueling stop location and at least
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one recommended fuel amount, and generating electronic
recommendation signals corresponding to said determined

tueling stop and fuel amount and communicating said recom-
mendation signals to a receiver.

According to other embodiments of the present disclosure,
a system adapted for vehicle fuel quantity management 1s
provided. The system includes an operator input module con-
taining data indicative of at least one operator input, the at
least one operator input including at least one of fuel cost, trip
time, route beginning and ending points to define a route, and
maximum vehicle speed. The system further includes a
vehicle parameter module containing data indicative of at
least one predetermined vehicle parameter, the at least one
predetermined vehicle parameter including at least one of
vehicle mass, vehicle drag, vehicle rolling resistance, tire
circumierence, front area of vehicle, powertrain torque loss,
vehicle tank capacity, and engine iriction. The system also
includes a road terrain element module containing data
indicative of at least one road terrain element, the at least one
road terrain element including at least one of speed limit
changes, oif ramp locations, fueling locations, road grade, air
density, position, elevation, and traific congestion. The sys-
tem additionally includes a vehicle operating condition mod-
ule containing data indicative of at least current vehicle speed.
And the system includes a vehicle fuel quantity management
module adapted to perform a first fuel assessment to deter-
mine a preliminary route fuel quantity based on the predeter-
mined vehicle parameter data, the road terrain data, and the
first operator mput data; determine a first fuel quantity to
optimize freight weight based on said first fuel assessment
and operator mput data; and perform a second fuel assess-
ment to determine at least one recommended fueling stop
location and at least one recommended fuel amount.

Additional embodiments of the present disclosure provide
a system and method for vehicle fuel quantity management to
be 1mplemented 1n computer programmable software and
stored 1n computer readable media.

The above and/or other aspects, features and/or advantages
of various embodiments will be further appreciated in view of
the following description 1n conjunction with the accompa-
nying figures. Various embodiments can include and/or
exclude different aspects, features and/or advantages where
applicable. In addition, various embodiments can combine
one or more aspect or feature of other embodiments where
applicable. The descriptions of aspects, features and/or
advantages of particular embodiments should not be con-
strued as limiting other embodiments or the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other exemplary features and advantages
of the preferred embodiments of the present disclosure will
become more apparent through the detailed description of
exemplary embodiments thereof with reference to the accom-
panying drawings, in which:

FIG. 1 1s a system diagram for a vehicle fuel quantity
management system 1n accordance with an exemplary
embodiment of the present disclosure;

FIG. 2 1s an mput/output flow diagram for a vehicle fuel
quantity management module 1n accordance with an exem-
plary embodiment;

FIG. 3 1s a flow diagram depicting method steps for vehicle
fuel quantity management in accordance with an exemplary
embodiment; and

FIG. 4 1s a tlow diagram depicting an exemplary embodi-
ment of a subsystem process of vehicle fuel quantity manage-
ment 1n accordance with an exemplary embodiment.
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Throughout the drawings, like reference numbers and
labels should be understood to refer to like elements, features,
and structures.

DETAILED DESCRIPTION

Exemplary embodiments of the present disclosure will
now be described more fully with reference to the accompa-
nying drawings. The matters exemplified 1n this description
are provided to assist in a comprehensive understanding of
various embodiments disclosed with reference to the accom-
panying figures. Accordingly, those of ordinary skill in the art
will recognize that various changes and modifications of the
embodiments described herein can be made without depart-
ing from the scope and spirit of the claimed inventions.
Descriptions of well-known functions and constructions are
omitted for clarity and conciseness. To aid in clanty of
description, the terms “upper,” “lower,” “above,” “below,”
“left” and “night,” as used herein, provide reference with
respect to orientation of the accompanying drawings and are
not intended to be limiting.

Given a desired route and vehicle fuel economy, amongst
other variables, the present disclosure 1s directed to a system
and method for determining the optimal quantity of fuel to
carry on-board a vehicle in order to optimize the amount of
freight that can be loaded on the truck. Traditionally, 1t 1s
common practice for fleet owners and drivers to load tuel to
the full capacity of the vehicle fuel tank or tanks. Because of
the weight of the fuel and vehicle weight limitations, this
maximization of the onboard or carry-on fuel places a limi-
tation on the total amount of freight that the vehicle can carry.
And 1f the route being driven 1s short enough, or permits
intermediate refueling events (such as at rest stops), then
filling the tank to full capacity may result 1n significantly
more fuel being carried than the amount actually required.
This results 1n an overall decrease 1n freight efficiency. For
example, 1n certain trucks having a baseline freight weight of
33,080 lbs, for every 331 lbs of additional freight a vehicle
can carry, there 1s a 1% freight efficiency improvement. At a
tuel density of 7.2 Ibs/gallon, 331 lbs of freight 1s equivalent
to approximately 46 gallons of fuel. Thus, for every 46 gal-
lons of fuel reduced or avoided from carrying onboard the
truck during the trip, a 1% freight efficiency improvement can
be realized. Accordingly, exemplary embodiments of the sys-
tems and methods of the present disclosure are directed to
manage fuel quantity to determine the optimal fuel quantity
and loading balance for a given route. One benelit of optimiz-
ing fuel management 1s increased freight efficiency 1n trans-
porting cargo from source to destination.

To assist 1n the determination of appropriate operating
condition references, applicants introduce a Cycle Elliciency
Management (CEM) module that employs control processes
to furnish an operator with anticipated and currently desired
vehicle operational behavior to optimize fuel economy. The
CEM control processes focus on powertrain components
such as engine, transmission, accessories, final drive, wheels
and vehicle. The processes interface with the operator to
provide guidance as to appropriate vehicle speed/power tar-
gets and transmission gear selection targets. The CEM mod-
ule 1s useful in conditioning an operator to optimize behavior
based on certain performance criteria.

FIG. 1 1s a system diagram for a vehicle fuel quantity
management system 100 1n accordance with an exemplary
embodiment of the systems and methods of the present dis-
closure. System 100 1s integrated into a vehicle 109, such as
a truck or automobile, having an engine and transmission 111
including a plurality of gears into which the transmission can
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4

be shifted automatically by a transmission control unit or
manually by a driver of the vehicle. Generally, predetermined
vehicle parameters 110, current vehicle operating conditions
120, terrain profile data/information 130, and operator input
140 are input into a CEM module 101 via control area net-
work (CAN) communications module 104. These 1inputs are
used by a vehicle fuel quantity management module 105 to
determine a recommended fueling stop location and fuel
amount, the fueling stop location being geographical/GPS
coordinates. In addition to other components, CEM module
101 contains the vehicle fuel quantity management module
105, and may also include a central processor and database.
Communication equipment/modules 104 can be provided to
enable input data, such as road terrain data, to be transmitted
to the central processor for monitoring and control. CEM
module 101 may include a vehicle parameter module 150
adapted to recerve vehicle parameters 110, a vehicle operat-
ing condition module 160 adapted to receive current vehicle
operating conditions 120, a road terrain module 170 adapted
to receive road terrain data 130, and an operator input module
180 to receive operator mput 140. Exemplary embodiments
provide for at least a portion of the road terrain data to be
provided as GPS data to a GPS unit 131, which can supply
data in advance of an operation or forthcoming positions or 1n
real-time as the vehicle 1s operated and route traversed. As
used herein, “real-time” should be understood to mean as fast
as equipment or sensors can provide. Thus, 1f a sensor can
output data at, for example, a 500 millisecond resolution, then
“real time,” 1n this context, should be understood to mean
time within a 500 millisecond resolution. Alternate embodi-
ments provide for road terrain data to be maintained 1n com-
puter storage 103 and downloaded to the CEM module 101
prior to the start of a trip or transmitted wirelessly over-the-air
at any time, for example, by using cellular technology. The
CEM module 101 enables operator mput 140 in order to
provide a degree of control for vehicle operators and thus
improve driveability. In operation, the operator programs one
or more preferences for how they desire the vehicle to behave
during the course of the route. As shown 1n FIG. 2, using this
control mode, the operator can, amongst other things, specity
such preferences as fuel cost 241, number of tuel stops to
make while traversing the route 242, travel time desired to
traverse the route 223, route beginning and ending points 244,
maximum vehicle speed 245, and desired fuel bufler 246.
Exemplary embodiments provide for the operator to specily
preferences via display 107 that 1s adapted to, amongst other
things, indicate the current fuel level to a vehicle operator.

Exemplary embodiments provide that one or more of mod-
ules 150, 160, 170, and 180 may be separate from CEM

module 101.

FIG. 2 1s an iput/output flow diagram for a vehicle fuel
quantity management module 105 in accordance with an
exemplary embodiment of the systems and methods of the
present disclosure. FIG. 2 illustrates system inputs to vehicle
fuel quantity management module 105, which processes the
inputs to determine, amongst other things, a recommended
fueling station location 250, to optimize onboard fuel quan-
tity along and throughout the route to thereby optimize the
amount of loaded freight or capacity for loading freight.
System inputs are received by CEM module 101, which then
enables vehicle fuel quantity management module 103 via an
enable/disable signal 201. The enable/disable signal 201 pro-
vides for disabling the vehicle fuel quantity management
system 1n response to an operator-initiated event. Data indica-
tive of at least one vehicle parameter 110 1s recerved as an
input to vehicle fuel quantity management module 105 via
CEM module 101, for example, input to the vehicle parameter
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module 150. The vehicle parameter data 110 includes data
signifying or representing, for example, vehicle mass 211,
vehicle drag (or air drag coellicient) 212, vehicle rolling
resistance 213, tire circumierence 215, vehicle front area 216,
engine Iriction 217, powertrain torque loss 218, vehicle tank
capacity 219, and driveline ratio and/or axle loading (not
shown), which in exemplary embodiments provide three val-
ues corresponding to loading on the steer tire, drive tire and
trailer tires. The driveline ratio comprises a secondary gearing,
used 1n mechanically coupling the transmission to the wheels
and 1s available 1n certain but not all vehicles. When a driv-
cline ratio 1s available then the ratio 1s considered by the
vehicle Tuel quantity management module 105 in determining,
fueling recommendations. Vehicle parameter data 110 may
include actual values of each of these parameters, such as a
vehicle mass value, a drag value, and/or a rolling resistance
value. Data indicative of at least one current vehicle operating
condition 120 1s also received as an 1mput to the vehicle tuel
quantity management module 105 via CEM module 101, for
example, input to the vehicle operating condition module
160. The operating condition data 120 includes data signify-
ing or representing current vehicle speed 221, travel or trip
time 222, upper speed limit 223, gear 224, and current fuel
level 225. The upper speed limit (Vmax) 1s a limit some
vehicle owners place on their vehicle’s and may be less than
the maximum speed legally allowable for a particular route.
Exemplary embodiments assume that vehicle operators drive
at or near the upper speed limit. Exemplary embodiments
provide for vehicle operating condition data to be acquired
via a vehicle monitoring and positional system, such as a GPS
unit 131, and/or provided by the operator. Exemplary
embodiments provide for operating condition and route ter-
rain data to be dynamically acquired in real-time, or 1n spans
of “foresight” or look-ahead windows of a discrete distance,
such as, for example, 2 miles. In acquiring operating condi-
tion and route terrain data 1n discrete segments as the vehicle
moves through a unit distance interval, informational data 1s
acquired and the system updated to, amongst other things,
correct for deviations from planned trip traversal, such as
route deviations, changes in vehicle speed, changes 1n traffic
patterns, etc. The look-ahead window can be set at a prede-
termined default interval and/or can be adjustable by the
operator. Window size 1s selected based upon desired data
resolution and speed of processing. Data indicative of at least
one road terrain element 130 1s also received as an input to the
vehicle fuel quantity management module 105 via CEM
module 101, for example, to the road terrain module 170. The
road terrain element data 130 includes data signiiying or
representing speed limit changes 231, off-ramp locations
232, fueling station locations 233, road grade 234, air density
235, traific patterns or congestion 236, position 237 and
clevation 238. Exemplary embodiments provide for speed
limit and road terrain data to be furnished by an Advanced
Driver Assistance System (ADAS), such as that furnished by
data vendors, such as, for example, E-Horizon™ and
NAVTEQ Tratfic™ systems; positional-based systems, such
as a GPS, can provide data on vehicle position 237. Road
terrain element data 130, such as route grade 234, elevation
238, speed limit changes 231 and fueling station locations
233 can be obtained ahead of time to provide a snapshot of the
entire route, and then refined in real-time as the route 1s
traversed. Data indicative of at least one operator mnput 140 1s
also recerved as an mput to the vehicle fuel quantity manage-
ment module 105 via CEM module 101, for example, to the
operator input module 180. The operator mmput data 140
includes data signifying or representing fuel cost 241, number
of fueling stops 242, trip time 243, route beginning and end-
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ing points 244, maximum vehicle speed 245, which 1s a speed
the operator prefers not to exceed and may be less than the
legal speed limit, and desired fuel buffer 246. Exemplary
embodiments call for maximum vehicle speed 2435 to be the
same as upper speed limit 223. Vehicle fuel quantity manage-
ment module 105 processes the various parameters, condi-
tions, data, and 1nputs, and generates outputs as described in
more detail hereinbelow. Outputs from vehicle fuel quantity
management module 105 include fueling station location
250, fuel amount 260, freight efficiency improvement 270,
and sacrificed time 280, which 1s the amount of time required
for the fueling stops taken over the course of the route. Exem-
plary embodiments provide for fueling station location data
to be turmished by an Advanced Driver Assistance System
(ADAS), such as that furnished by data vendors, such as, for
example, E-Horizon™ and NAVTEQ Traffic™ systems;
positional-based systems, such as a GPS, can provide data on
vehicle position 237. Exemplary embodiments provide for
fueling station location to be graphically depicted on a visual
display, such as a location identified on a display map. Exem-
plary embodiments provide for generating electronic recom-
mendation signals corresponding to a recommended fueling
stop location and recommended fuel amount and communi-
cating the recommendation signals to a receiver, wherein a
receiver can be a display, computer, server, or electronic
device.

FIG. 3 1s a flow diagram depicting the steps of a method for
vehicle Tuel quantity management in accordance with exem-
plary embodiments of the present disclosure. The method
includes two steps: first, an ofthine, 1.¢., a first coarse evalua-
tion or 1mtialization and fuel assessment 1s performed over
the full drive cycle/route to provide a determination of pre-
liminary fuel needs for the overall route based on 1nitial data,
conditions, inputs and parameters, and a first fuel quantity 1n
which to fill the vehicle that optimizes freight weight; second,
during drive cycle execution, fine-tuned refinements to the
fuel needs and fueling station location are periodically
achieved using a moving look-ahead window during an
online, that 1s, a second fuel assessment to provide a deter-
mination of subsequent fuel needs. Prior to deployment, the
vehicle’s fuel quantity management module 105 accesses
first operator input data 300 comprising at least one of fuel
cost (for example, cost per gallon), trip time (for example,
time 1n minutes or hours to traverse the entire route), route
beginning and ending points that establish route coordinates
and which define the route, and maximum vehicle speed. The
module 105 then performs the first coarse evaluation or 1ni-
tialization with known route and vehicle data by accessing
predetermined vehicle parameter data and road terrain ele-
ment data to determine route grade and speed profile vectors
for the defined route. Exemplary embodiments provide for
the route grade and speed profile vectors to be determined by
the road terrain module 170. The route grade and speed profile
vectors comprise the spectrum of route grade and speed limits
over the course of the route so that grade and speed limits are
identified for the entire route. The vectors are determined by
accessing data pertaining to road grade and speed limit over
the entire route from the ADAS and/or GPS unit and popu-
lating data structures with grade and speed limit data for the
entire route. With this data, anticipated power demand can be
determined over the entire route, which can then be translated
into anticipated fuel consumption using the engine fuel map,
as described 1n more detail hereinbelow. Thus, the amount of
fuel required to traverse the entire route i1s ascertained. In
exemplary embodiments, one ol many formulations of power,
as would be known to those of ordinary skill 1n the art, can be
expressed as a function of vehicle velocity (v), air density (p),
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vehicle drag (or air drag coetlicient) (C ), vehicle front area
(A), rolling resistance (C, ), vehicle mass (m), gravitational
acceleration (g), and road grade (g), provided by Equation I:

1 ) . Equation |
Power = {5 pCsAV + C,,mgcos(8) + mgsm(@)}v

FIG. 4 1s a flow diagram depicting an exemplary embodi-
ment of a subsystem process of vehicle fuel quantity manage-
ment 1n accordance with an exemplary embodiment of the
present disclosure. Torque on the vehicle’s wheel 1s a function
of force on the wheel and wheel radius, as expressed by
T =F xR ., where force can be expressed by power, shown
by Equation I, divided by vehicle velocity (v). With the torque
on the vehicle’s wheel known, a look-up table 410 can be
accessed yielding torque loss 1n relation to gear ratio to pro-
vide engine torque (1_). Engine torque (T,) coupled with
engine speed (o) can then be used to access an engine tuel
map look-up table 420 to yield fuel tlow rate

()

Distance vectors (s) can be obtained from GPS unit 131,
which when divided 430 by vehicle velocity (v) yields time (t)
spent on that distance. Fuel rate

()

can be imtegrated 440 through time (t) to determine fuel
consumption over the distance. This analysis can be per-
tormed for all segments of the route to determine fuel needed
to traverse the entire route.

Once the amount of fuel anticipated to traverse the entire
route 1s known, that 1s, the preliminary route fuel quantity,
second operator mput data comprising at least one of the
number of Tuel stops and desired fuel buifer may be accessed,
step 310. To facilitate selection of the number of fuel stops,
module 105 displays, 1.e., using display 107, a plot of freight
capacity verses number of fueling stops, which shows how
freight capacity or freight efficiency improvement increases
as the number of fueling stops increases. The operator then
selects, for example, by using a touch screen function on
display 107, the number of fueling stops acceptable to yield a
desired increase 1n freight capacity. This increase 1n freight
capacity represents a freight efficiency improvement over the
treight weight that the operator could have carried under a tull
tuel load.

Exemplary embodiments provide for the operator to 1den-
tify a fuel buifer. Most operators are reluctant to permit their
vehicle fuel levels to fall below a certain mimmum and the
tuel buller represents the minimum amount of fuel that an
operator 1s willing to accept. Further, some uncertainty exists
in sensor measurements, GPS and ADAS data, with variance
associated with equipment accuracy and tolerance, which can
be 1dentified through manufacturer specification sheets and
reports. Also, uncertainty exists as to the route since traific
patterns, road closures, construction, etc., all introduce accu-
racy variances. To account for these and other uncertainties,
Exemplary embodiments provide for determining an addi-
tional fuel quantity based on the operator fuel bufler and
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sensor and route uncertainties, with the additional fuel quan-
tity being incorporated into the fuel amount ultimately rec-
ommended. Given the first fuel assessment and operator fuel
buifer, module 105 then determines a first fuel quantity and
recommended freight weight such that the first fuel quantity
optimizes Ireight weight based on the first fuel assessment
and the second operator input data. Additionally, module 105
identifies and recommends one or more fuel station locations.

Exemplary embodiments provide for the vehicle fuel quan-
tity management system 100 to be mitialized prior to the
operator’s entry 1nto the vehicle, or imtiated by an action of
the operator, such as, for example, pressing a button on a user
interface to start the assessment. A user interface may be
provided in the vehicle and/or at a remote location 1n wireless
communication with the vehicle. An operator, or an external
source such as a central database, supplies the vehicle with a
trip destination and planned route and trip time, and known
road terrain element data 130 are acquired via the operator, a
database, or data vendor, as described above. Exemplary
embodiments provide for the operator to enter vehicle param-
cters 110 and preferences for how the vehicle should behave
on the route. Alternatively, or 1n conjunction with operator
entry, vehicle parameters can be provided by a database con-
taining vehicle information. Further, road terrain element
data 130, such as route grade 234, speed limit changes 231
and fueling station locations 233 can be obtained ahead of
time to provide an offline snapshot of the entire route. The
data 1s then processed 1n a first, offline assessment to provide
an estimate of fuel needs, along with a vehicle speed profile
vector comprising route velocities and a route grade vector
comprising route grade profiles. Generally, the offline initial-
1ization of the systems and methods of the present disclosure
1s performed prior to or at the beginning of a trip. Alterna-
tively, or additionally, offline initialization can occur at any
point along the route after the vehicle 1s underway. Such a
capability 1s convenient if it i1s desirable to undertake a
delayed imitialization or system recalibration or restart/re-
iitialization. Exemplary embodiments may employ a
welghting function 1n determining optimal speed to account
for vehicle momentum during downhill and uphill sections of
the route. Inputs to the vehicle fuel quantity management
system 100 may be received by an input signal processing
module (not shown), which processes the data to a form
useable by vehicle fuel quantity management module 105.
For example, the input signal possessing module can translate
data into different units, filter noise, truncate vectors, etc.

The offline assessment employs a representation of the
vehicle, which in exemplary embodiments uses standard
vehicle modeling known to those of ordinary skill 1n the art.
One 1mplementation employs a model wherein fuel con-
sumption over a given route 1s described through differential-
algebraic relationships that are a function of, amongst other
things, vehicle velocity, that 1s, speed, and acceleration, gear,
route grade, vehicle powertrain and engine parameters, such
as described above. Exemplary embodiments provide for a
vehicle model to i1dentily a vehicle speed as a function of
location on the route and road grade 1n order to assess fuel
consumption and costs. In addition to fuel and tuel costs, cost
can include vehicle warranty, maintenance, wear-and-tear,
ctc. Thus, exemplary embodiments may encompass any com-
bination or all these cost components and provide the operator
with an assessment of fuel relative to the combination or all
costs. Exemplary embodiments assess fuel consumption rela-
tive to vehicle speed and gear state by accessing an engine
map as discussed below.

Power demanded by a vehicle 1s a function, primarily, of
the vehicle operating condition, which, among other things,
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includes vehicle mass, vehicle speed, rolling resistance and
transmission gear, coupled with the mstantaneous road con-
ditions (road grade, elevation, drag, wind speed, air density,
etc.). For example, 11 either the speed or grade drops/de-
creases by traveling at a lower speed or going downhill, less 5
power will be required for the vehicle to traverse a given
distance. Accounting for system inetliciencies, power can be
translated into engine torque and the vehicle’s system of gears
translates vehicle speed to engine speed, as would be known

to those of ordinary skill in the art. Exemplary embodiments 10
provide for engine tuel data to be supplied by an engine fuel
map look-up table (LUT) 217, 420 containing engine fuel
data obtained, for example, from engine performance mea-
surements under various speed/torque and grade combina-
tions versus fuel consumed. The engine fuel map LUT 1s 15
calibrated offline and embodies the relationship between
engine torque, engine speed, grade and engine fueling.
Knowing the vehicle’s power train system, such as the driv-
cline ratio, gear ratio, driveline system losses, etc., engine
speed and torque can be converted to vehicle speed and trans- 20
mission gear at a certain grade. Thus, an engine fuel map LUT
can be obtained from an engine friction map LUT. Alterna-
tively, a vehicle speed and grade based map can be obtained

by driving the given vehicle at fixed speeds on constant
grades, such as provided either in a controlled facility like a 25
chassis dyno test cell, or by simulating the grade on a tlat
grade road using a programmable tow-dyno trailer. Separate
engine fuel data 1s available for conditions when engine brak-
ing 1s enabled or when engine braking 1s disabled. Thus, by
knowing power demand, vehicle speed, and transmission 30
gear, which when coupled with engine speed and torque, a
particular point on the engine map can be 1dentified.

A change 1n engine speed location on the engine map will
require a change in engine torque to achieve the same output
power. And for a given point on the engine map, a certain 35
amount of Tuel will be required. Thus, by changing the engine
speed and torque point, the amount of fuel needed to provide
the same output power varies. By reco gmzmg or detenmmng
the desired location on the engine map that minimizes fuel for
a given power requirement, an equivalent vehicle speed 40
choice can be back-calculated. Accordingly, an assessment of
fuel consumption can be realized by traversing the engine
map to find the appropriate engine speed and torque combi-
nation to satisiy the power demand and fuel consumption.

During travel, pre-planned routes are subject to operator 45
change as road conditions, weather, traffic, and other unex-
pected situations arise that necessitate route deviation. Such
deviations cause error in the ofiline assessment that was
executed during system 1initialization, step 300 (or else-
where). Deviations that impact vehicle speed, such as traffic 50
patterns, are limiting conditions that are operationally akin to
a speed limit constraint. To account for off-nominal devia-
tions and other conditions that occur 1n real-time, the vehicle
fuel quantity management module 105 employs an online,
fine assessment process, an exemplary embodiment of which 55
1s as follows. As the vehicle 1s underway, route information 1s
obtained via a vehicle monitoring and positional system, such
as a GPS unit 131, and/or provided by the operator. Such route
information confirms data obtained previously according to
the planned route during offline assessment (step 300) and 60
provides a basis for correction during unplanned route devia-
tions as the route 1s driven. Exemplary embodiments provide
for speed limit and road terrain data to be furnished by data
vendors, such as, for example, E-Horizon™ and NAVTEQ
Tratfic™ systems, as described above. 65

As the route 1s traversed, the vehicle fuel quantity manage-
ment system 100 checks for data within the limit of the

10

look-ahead window, which 1s defined by a discrete distance.
At each occurrence of a look-ahead window, the online
assessment 1s performed. As discussed above, exemplary
embodiments provide for operating conditions data and route
terrain data to be dynamically acquired in real-time through
the “foresight™ or look-ahead windows of a discrete distance,
such as, for example, 2 miles. In acquiring operating condi-
tions data and route terrain data 1n discrete segments as the
vehicle moves through a unit distance, informational data 1s
acquired and the system updated to, amongst other thmgs

correct for deviations from the offline assessment. The size or
distance of the look-ahead window can be set at a default
interval or adjustable by the operator. Window size 1s selected
based upon the desired data resolution and speed of process-
ing. Exemplary embodiments provide for data acquisition
during the offline assessment to run at a coarse distance
resolution, for example, 0.5 miles, whereas data acquisition
during the online assessment runs at a fine resolution, for
example, 0.1 miles, within i1ts defined look-ahead window.

During an online assessment “look-ahead™ window, data
indicative of current fuel level 1s obtained from the vehicle
tuel sensor, step 320. The vehicle fuel sensor provides data
indicative of fuel level to the CEM module 101 and 1s avail-
able to module 105 via network 104. This data 1s adapted for
display to the operator and communicated in real-time via
display 107 as a tank level value or a fuel quantity value, 1.¢.
gallons. Also during the online assessment “look-ahead” win-
dow, data indicative of the current vehicle operating condition
1s accessed, step 330. Current vehicle operating conditions
include, i addition to travel time, the current vehicle speed,
the lower speed target, the upper speed limit and current
transmission gear. Exemplary embodiments provide for cur-
rent vehicle speed to be obtained from instrumentation on the
vehicle, such as, for example, a speedometer and/or a posi-
tional indicator, such as a GPS unit 131, which provides a
measure of change relative to position over time. Data indica-
tive of road terrain elements i1s accessed, step 340. Road
terrain elements include, but are not limited to, speed limit
changes, off ramp locations, fueling locations, road grade, air
density, vehicle position or location (geographical/GPS coor-
dinates), elevation, and tratfic congestion. Data indicative of
predetermined vehicle parameters 1s also accessed, step 350.
Predetermined vehicle parameters include, but are not limited
to, vehicle mass, vehicle drag, vehicle rolling resistance, tire
circumierence, front area of vehicle, powertrain torque loss,
vehicle tank capacity, and engine friction. Data indicative of
road terrain elements, predetermined vehicle parameters, and
operator input are obtained primarily during system initial-
1zation, step 300, but can be updated or changed at any time by
the operator or via network communication, such as wireless
over-the-air transmissions, and during online assessment.
Data 1s continually furnished by system 100 components and
accessed as needed, as described above.

Outputs of the vehicle tuel quantity management module
105 include fueling station location 250, fuel amount 260,
freight etficiency improvement 270, and sacrificed time 280,
which 1s the amount of time required for the fueling stops
taken over the course of the route. Exemplary embodiments
provide for one or more of these outputs to be communicated
to the vehicle operator via display 107 to inform and facilitate
action by the operator. Display 107 can be a touch-screen
interface for convenient data entry and 1s adapted to, amongst
other things, indicate vehicle operating conditions. Exem-
plary embodiments provide for recommendations to be made
to the operator concerning specific fueling stop locations
along the route.
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During online assessment, module 105 performs a second
tuel assessment using the refined data available within the
look-ahead window. The second fuel assessment includes an
identification of station locations with finer resolution than
available during the system initialization. Thus, module 105
can determine the distance to fueling stations relative to the
vehicle’s current position, step 360, with accuracy. Module
105 also determines a measure of remaining fuel 1n the vehi-
cle’s tank, which can be expressed in terms of time to empty,
distance to travel before empty, step 370, as well as fuel
remaining. Exemplary embodiments provide for measures of
remaining fuel and fuel station location to be communicated
to display 107 and presented to the operator, step 380. The
module 105 checks for completion of the route, step 390, and
if complete, ends the cycle. If the route 1s not complete, then
module 105 checks for a fueling station location, step 395. It
the vehicle 1s not at a fueling station, module 105 accesses the
tuel sensor and renews the assessment process. As described
above, the assessment of fuel consumption needed along
points 1n the route can be realized by traversing the engine
map to find the appropriate engine speed and torque combi-
nation to satisiy the power demand and fuel consumption. I
the vehicle 1s at a fueling station, taking advantage of the
improved accuracy available in the second fuel assessment,
module 105 can recommend the quantity of fuel to add in
accordance with the freight load optimization determination
during the ofiline mitialization. The quantity of fuel to add 1s
communicated to display 107 to inform the operator, step
398. After fueling, the system restarts and begins assessment
determinations for the next section of route. This process
continues until the vehicle reaches the end of the route. There-
fore, the online assessment includes a series of assessments or
determinations in which fuel quantity i1s determined and
adjusted throughout the trip along the route, as well as refine-
ment of the location of fueling stops. In this manner operators
will know the optimum fueling stop locations and amount of
tuel to add that balances vehicle weight, fuel economy, and
freight efficiency.

Exemplary embodiments provide a system adapted for
vehicle fuel quantity management. The system includes an
operator iput module contaiming data indicative of at least
one operator input, the at least one operator input including at
least one of fuel cost, trip time, route beginning and ending
points to define a route, maximum vehicle speed, number of
tuel stops, and desired fuel bufler. The system further
includes a vehicle parameter module containing data indica-
tive of at least one predetermined vehicle parameter, the at
least one predetermined vehicle parameter including at least
one of vehicle mass, vehicle drag, vehicle rolling resistance,
tire circumierence, front area of vehicle, powertrain torque
loss, vehicle tank capacity, and engine friction. The system
also includes a road terrain element module containing data
indicative of at least one road terrain element, the at least one
road terrain element including at least one of speed limit
changes, off ramp locations, fueling locations, road grade, air
density, position, elevation, and tratfic congestion. The sys-
tem additionally includes a vehicle operating condition mod-
ule containing data indicative of at least current vehicle speed.
And the system 1ncludes a vehicle fuel quantity management
module adapted to perform a first fuel assessment to deter-
mine a preliminary route fuel quantity based on route grade
and speed profile vectors, the predetermined vehicle param-
cter data, the road terrain data, and the operator input data;
determine a first fuel quantity to optimize freight weight
based on the first fuel assessment and operator input data; and
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perform a second fuel assessment to determine at least one
recommended fueling stop location and at least one recom-
mended fuel amount.

Exemplary embodiments provide a system and method for
vehicle fuel quantity management to be implemented 1n com-
puter programmable soltware and stored 1n computer read-
able media. Such an embodiment would comprise a computer
readable storage medium encoded with computer executable
instructions, which, when executed by a processor, perform
the method for vehicle fuel quantity management as disclosed
above. Also, many aspects of the disclosure are described 1n
terms ol sequences of actions to be performed by elements of
a computer system or other hardware capable of executing
programmed nstructions. It will be recognized that 1n each of
the embodiments, the various actions could be performed by
specialized circuits (e.g., discrete logic gates interconnected
to perform a specialized function), by program instructions
(software), such as program modules, being executed by one
Or more processors, or by a combination of both. Moreover,
the disclosure can additionally be considered to be embodied
within any form of computer readable carrier, such as solid-
state memory, magnetic disk, and optical disk containing an
appropriate set ol computer instructions, such as program
modules, and data structures that would cause a processor to
carry out the techniques described herein. A computer-read-
able medium would include the following: an electrical con-
nection having one or more wires, magnetic disk storage,
magnetic cassettes, magnetic tape or other magnetic storage
devices, a portable computer diskette, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory), or any other medium capable of storing informa-
tion. It should be noted that the system of the present disclo-
sure 1s 1llustrated and discussed herein as having various
modules and units which perform particular functions. It
should be understood that these modules and units are merely
schematically 1llustrated based on their function for clarity
purposes, and do not necessarily represent specific hardware
or software. In this regard, these modules, units and other
components may be hardware and/or software implemented
to substantially perform their particular functions explained
herein. The various functions of the different components can
be combined or segregated as hardware and/or software mod-
ules 1n any manner, and can be usetul separately or 1n com-
bination. Thus, the various aspects of the disclosure may be
embodied 1n many different forms, and all such forms are
contemplated to be within the scope of the disclosure.

While various embodiments in accordance with the present
disclosure have been shown and described, it 1s understood
that the disclosure 1s not limited thereto. Further, the present
C
t

1sclosure may be changed, modified and further applied by
hose skilled 1n the art. Therefore, this disclosure 1s not lim-
ited to the detail shown and described previously, but also
includes all such changes and modifications.
We claim:
1. A method for vehicle fuel quantity management, com-
prising;:
providing one or more processors;
accessing first operator input data indicative of at least one
first operator input, said at least one first operator input
including at least one of fuel cost, trip time, route begin-
ning and ending points to define a route, and maximum
vehicle speed;
accessing predetermined vehicle parameter data indicative
of at least one predetermined vehicle parameter, said at
least one predetermined vehicle parameter including at
least one of vehicle mass, vehicle drag, vehicle rolling
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resistance, tire circumiference, front area of vehicle,
powertrain torque loss, vehicle tank capacity, and engine
friction;
accessing road terrain data indicative of at least one road
terrain element, said at least one road terrain element
including at least one of speed limit changes, off ramp
locations, fueling locations, road grade, air density, posi-
tion, elevation, and traific congestion;
performing a first fuel assessment by the one or more
processors to determine a preliminary route fuel quan-
tity based on said predetermined vehicle parameter data,
said road terrain data, and said first operator mnput data;

determining a first fuel quantity to optimize freight weight
based on said first fuel assessment;
accessing current vehicle operating condition data and cur-
rent road terrain data indicative of at least current vehicle
speed, current road grade, and current fueling locations;

performing a second fuel assessment by the one or more
processors to determine at least one recommended fuel-
ing stop location and at least one recommended fuel
amount; and

generating electronic recommendation signals corre-

sponding to said determined at least one recommended
fueling stop location and at least one recommended fuel
amount and communicating said recommendation sig-
nals to a recerver.

2. The method of claim 1, further comprising determining,
route grade and speed profile vectors for the defined route
based on said first operator iput data, said predetermined
vehicle parameter data, and said road terrain data.

3. The method of claim 1, further comprising accessing
second operator mput data indicative of at least one second
operator input, said at least one second operator input includ-
ing at least one of a number of fuel stops and a desired fuel
butler, wherein determining said first fuel quantity 1s based on
said second operator mput data.

4. The method of claim 3, further comprising determining,
an additional fuel quantity based on said operator fuel butfer
and sensor and route uncertainties, said additional fuel quan-
tity being incorporated into the at least one recommended fuel
amount.

5. The method of claim 1, wherein said recetver comprises
a display configured to indicate the at least one recommended
fueling stop location and at least one recommended fuel
amount to a vehicle operator and indicate a measure of freight
ciliciency improvement and sacrificed time.

6. The method of claim 3, wherein said display comprises
a touch-screen interface.

7. The method of claim 3, wherein said display 1s further
configured to indicate at least one of quantity of fuel remain-
ing until empty, distance to drive before empty, and time to
drive until empty.

8. The method of claim 1, wherein said determining first
fuel quantity 1includes determining {reight elficiency
improvement and determining sacrificed time.

9. The method of claim 8, further comprising generating,
clectronic signals corresponding to said freight efficiency
improvement and sacrificed time and communicating said
signals to a display.

10. The method of claim 1, wherein said first fuel quantity
and said at least one recommended fuel amount are based on
an evaluation of engine speed and torque values yielding said
engine iriction for a given vehicle power, said power being
based on route grade and speed profile vectors for the defined
route, said route grade and speed vectors being based on said
first operator mput data, said predetermined vehicle param-
eter data, and said road terrain data.
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11. The method of claim 10, wherein a plurality of said
engine speed and torque values can collectively form an
engine friction map, said map being employed to establish an
engine fueling table.

12. A system adapted for vehicle fuel quantity manage-
ment, comprising:

OnNe Or MOre Processors,

an operator input module containing data indicative of at
least one operator input, said at least one operator input
including at least one of fuel cost, trip time, route begin-
ning and ending points to define a route, and maximum
vehicle speed;

a vehicle parameter module containing data indicative of at
least one predetermined vehicle parameter, said at least
one predetermined vehicle parameter including at least
one of vehicle mass, vehicle drag, vehicle rolling resis-
tance, tire circumierence, front area of vehicle, power-
train torque loss, vehicle tank capacity, and engine fric-
tion;

a road terrain element module containing data indicative of
at least one road terrain element, said at least one road
terrain element including at least one of speed limit
changes, oif ramp locations, fueling locations, road
grade, air density, position, elevation, and traffic conges-
tion;

a vehicle operating condition module containing data
indicative of at least current vehicle speed; and

a vehicle fuel quantity management module configured to:

perform a first fuel assessment by the one or more proces-
sors to determine a preliminary route fuel quantity based
on said predetermined vehicle parameter data, said road
terrain data, and said operator input data;

determine a first fuel quantity to optimize freight weight
based on said first fuel assessment and operator input
data; and

perform a second fuel assessment by the one or more

processors to determine at least one recommended fuel-
ing stop location and at least one recommended fuel
amount.

13. The system of claim 12, wherein said vehicle fuel
quantity module further determines route grade and speed
profile vectors for the defined route based on said operator
input data, said predetermined vehicle parameter data, and
said road terrain element data.

14. The system of claim 13, wherein said receiver com-
prises a display configured to indicate the at least one recom-
mended fueling stop location and at least one recommended
tuel amount to a vehicle operator and indicate a measure of
freight efficiency improvement and sacrificed time.

15. The system of claim 12, wherein said operator input
module further contains data indicative of at least one of a
number of fuel stops and a desired fuel butier.

16. The system of claim 12, wherein said vehicle fuel
quantity management module 1s configured to generate elec-
tronic recommendation signals corresponding to said deter-
mined at least one recommended fueling stop location and at
least one recommended fuel amount and communicate said
recommendation signals to a display configured to indicate
the at least one recommended fueling stop location and at
least one recommended fuel amount to a vehicle operator.

17. The system of claim 12, wherein said vehicle fuel
quantity management module 1s further configured to deter-
mine freight efficiency improvement and sacrificed time and
generate electronic signals corresponding to said freight efi-
ciency improvement and sacrificed time and communicate
said signals to a display.
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18. The system of claim 17, wherein said display 1s further
configured to indicate at least one of quantity of fuel remain-
ing until empty, distance to drive before empty, and time to
drive until empty.

19. The system of claim 12, wherein said first fuel quantity
and said at least one recommended fuel amount are based on
an evaluation of engine speed and torque values yielding said
engine iriction for a given vehicle power, said power being
based on the route grade and speed profile vectors, at least one
vehicle parameter, and at least one road terrain element.

20. The system of claim 19, wherein a plurality of said
engine speed and torque values can collectively form an
engine friction map, said map being employed to establish an
engine fueling table.

21. The system of claim 12, wherein said vehicle fuel
quantity management module 1s further configured to deter-
mine an additional fuel quantity based on said operator fuel
bufter and sensor and route uncertainties, said additional fuel
quantity being incorporated into the at least one recom-
mended fuel amount.

22. A computer program product comprising a non-transi-
tory computer useable medium having stored thereon com-
puter-readable program code for vehicle fuel quantity man-
agement, the computer-readable program code comprising:

computer-readable program code for accessing data

indicative of at least one first operator input, said at least
one first operator input including at least one of fuel cost,
trip time, route beginning and ending points to define a
route, and maximum vehicle speed;

computer-readable program code for accessing data

indicative of at least one predetermined vehicle param-
cter, said at least one predetermined vehicle parameter
including at least one of vehicle mass, vehicle drag,
vehicle rolling resistance, tire circumierence, front area
of vehicle, powertrain torque loss, vehicle tank capacity,
and engine friction;

computer-readable program code for accessing data

indicative of at least one road terrain element, said at

least one road terrain element 1including at least one of
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speed limit changes, off ramp locations, tueling loca-
tions, road grade, air density, position, elevation, and
traffic congestion;

computer-readable program code for determining route
grade and speed profile vectors for the defined route
based on said first operator imnput data, predetermined
vehicle parameter data, and said road terrain data;

computer-readable code for performing a first fuel assess-
ment to determine a preliminary route fuel quantity
based on the defined route grade and speed profile vec-
tors, said predetermined vehicle parameter data, road
terrain data, and said first operator input data;

computer-readable program code for accessing data
indicative of at least one second operator input including

at least one of a number of fuel stops and desired fuel
bufter;

computer-readable program code for determiming a first
fuel quantity to optimize freight weight based on said
first fuel assessment and said second operator input data;

computer-readable program code for accessing current
vehicle operating condition data and current road terrain
data indicative of at least current vehicle speed, current
road grade, and current fueling locations;

computer-readable program code for performing a second
fuel assessment to determine at least one recommended
fueling stop location and at least one recommended fuel
amount; and

computer-readable program code for communicating said
optimized vehicle speed and communicating said at
least one recommended fueling stop location and at least

one recommended fuel amount to a display.

23. The computer program product of claim 22, further
comprising computer-readable program code for disabling
the vehicle fuel quantity management program code in
response to an operator-initiated event.

G o e = x
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